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Studies have shown that exercise is a safe non-pharmacological treatment strategy for people 28 with multiple sclerosis (PwMS), with the reported health benefits including improvements in 29 muscle power, physical and psychological functioning, fatigue and health-related quality of life. 1 
30
2 3 However, following an MS diagnosis, perceived functional limitations, safety concerns and 31 loss of confidence, fatigue, lack of MS-specific exercise knowledge or conflicting advice from 32 health professionals and accessibility issues associated with inadequate transport, physical 33 environment and social factors (e.g. social obligations, lack of social support) become important 34 barriers to exercise participation. [4] [5] [6] [7] [8] [9] [10] Cross-sectional evidence suggests that only ~20% of 35
PwMS are achieving recommended amounts of daily moderate to vigorous intensity physical 36 activity 11 and strategies to address common barriers are needed to increase the level of 37 engagement. 38
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53
We recently reported on health and cost utility outcomes following a randomized controlled trial 54 which investigated a pragmatic approach to developing the skills and confidence for long-term 55 maintenance of self-directed exercise in people with mild to moderate MS (ExIMS).
15 16 The 56 program provided access to an exercise physiologist and physical therapist, who applied 57 cognitive behavioural techniques during a graded decrease in the frequency of individually-58 tailored supervised exercise (three exercise sessions per week for 12 weeks, with the ratio of 59 supervised to home-exercise sessions being 2:1 in weeks 1-6 and 1:2 in weeks 7-12). There was 60 high adherence to supervised and home-based exercise (>80%), accompanied by improvements 61
in fatigue and quality of life after 12 weeks, and a sustained improvement in quality of life 6 62 months after withdrawal of supervision.
15
64
The purpose of this study was to undertake a qualitative investigation of exercise perceptions 65 and experiences in people with MS (PwMS) before, during and after participation in this 66 personally-tailored program designed to promote long-term maintenance of self-directed 67
exercise. An improved understanding of exercise perspectives and personal experiences of 68 engaging with programs that can develop skills to support the self-management of MS will 69 inform future healthcare implementation strategies aimed at enhancing patient care. 70
71
METHODS 72
Study design 73
We used qualitative research methods to explore exercise perceptions and experiences. Our 74 underlying philosophy was constructivist, 17 recognising the individual nature of experience and 75 the impact of people's wider life experiences on their perspectives of exercise both before and 76 during the trial. Data collection used both focus groups and individual interviews. An advantage 77 of focus groups is that social interaction between group members can increase the depth ofM A N U S C R I P T
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inquiry, stimulating discussion of shared experiences and their meaning to each individual. 79
Conversely, interview responses can provide participants with more opportunity to contribute so 80 using a combination of methods can yield different viewpoints. 13 In addition, we were keen to 81 understand all participants' experiences; and offering a choice of methods meant that 82 participants unable to join focus groups could organise interviews around their availability. 83
84
Participants 85
A purposive convenience sample of 54 PwMS who had participated in the 12 week exercise 86 program 15 were invited to take part in in the qualitative investigation. Of these, 33 participants 87 agreed to participate and were recruited within 6 months of completing the program and their 88 characteristics are presented in Table 1 . Written informed consent was obtained prior to study 89 participation and ethical approval was granted from NHS South Yorkshire Research Ethics 90
Committee. 91 92
Focus groups and telephone interviews 93
A total of 29 participants took part in the focus groups and four participants were interviewed by 94 telephone. Six focus groups (2-8 participants; 60-80 min duration) were facilitated by two 95 researchers trained in qualitative research techniques. Facilitators were not directly involved in 96 the exercise trial but do work in exercise research. Telephone interviews (~30 min duration) 97
were conducted by a member of the trial team who had delivered some of the exercise training 98 sessions. All participants were briefed about the purpose of the discussion, i.e. to elicit their 99 views and experiences of exercise and engaging in the program, and the same semi-structured a-100 priori topic guide consisting of open-ended questions was used flexibly to guide the focus group 101 and interview discussions (Table 2) . Focus group discussions and telephone interviews were 102 audio-taped and then transcribed verbatim by a source independent of the study. Participant 
Thematic framework analysis 106
Using framework analysis, 18 HC and LH independently read and re-read the transcripts several 107 times to become familiar with the data, before coding, indexing and charting to create an initial 108 key thematic framework with sub-themes. Analysis aimed at describing the individual's 109 experience of exercise, searching for common, recurrent patterns but also identifying insights 110 into participant experiences that might explain behaviour and improve advice and services in the 111 future. NS and AC read the transcripts and independently applied the coding framework. The 112 coding framework represented all relevant data and there was a high level of agreement between 113
analysers. This approach to data analysis is somewhat deductive, framing the analysis within an 114 a-priori topic guide, yet the data were borne out of original transcripts from focus groups and 115 interviews.
19 Data saturation was achieved, in that similar themes arose repeatedly and no new 116 themes arose in the final focus group or interview. 117
118
RESULTS
119
The findings are presented under four key themes, which contextualise the experiences of 120 participants in the study. Direct quotes, with reference to either focus group and participant 121 number, or telephone interview and participant number, are presented to illustrate the key 122 themes and sub themes. 123
124
Theme 1: The transition to inactivity 125
Prior to MS, many participants had valued the personal, social and health benefits of a 126 physically active lifestyle, however, their MS diagnosis caused a transition into physical 127 inactivity. Several participants recounted how regular exercise was a part of 'normal life' before 128 M A N U S C R I P T There was general consensus that exercise advice from health professionals was either non-147 existent or not relevant for the needs of PwMS. Participants recalled that exercise and lifestyle 148 advice was not generally offered after their MS diagnosis: "I don't recall any professionals 149 mentioning anything about exercise at all and I don't believe I asked" (FG5:2). Participants felt 150 that endorsement from the clinical team was needed to confirm that exercise was something you 151 were allowed to and supposed to do, but this advice was variable: "When I was diagnosed I 152 asked specifically if there was anything I could do to help myself, diet wise and exercise and I 153 was told there was nothing you could do whatsoever" (FG2:6). Other participants were referred 154 to local facilities but the tailored exercise advice and support they needed was lacking: "MyM A N U S C R I P T
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A C C E P T E D ACCEPTED MANUSCRIPT me a plan of what to do, and he hadn't dealt with anybody with MS before and actually it was a 157
bit of a disaster… (FG3:1 
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There were new insights in to the positive physical, mental and psychosocial experiences that 184 engaging in an exercise program can bring. The majority of participants were grateful to have 185 had the opportunity to take part in a tailored supervised exercise program; they recounted: "… I 186 was looking forward to it every week, it gives you a regime to work to" (FG1:1) and "I just 187 really enjoyed it and found it really rewarding" (FG6:2). In some cases, having a reason to 188 leave the house was a valued benefit of taking part in the program: "I really enjoyed the social 189
aspect of meeting people and talking because you don't always get that when you have MS. You 190 tend to be at home a lot on your own so I enjoyed coming…" (FG6:3). For others, improved 191
health and fitness created new opportunities to engage in recreational activities with their 192 The reported improvements in physical functioning and perceptions of MS fatigue were 257 consistent with previous reports, 3, 22, 25 but there were some new insights into how exercise can 258 improve everyday posture and daily functioning, from being able to stand more erect to anM A N U S C R I P T
families: "I try harder. My little boy will be surprised when I say yeah, alright I'll go swimming 193 or yeah OK let's go for a walk, and he'll think Oh, that doesn't sound quite right" (FG4:4).
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enhanced ability to reach down for things on the floor (Theme 3). The positive shift in perceived 260 physical health and mental outlook also created new opportunities to enjoy more recreational 261 physical activity time with their families. Acute mood enhancements and a sense of 262 accomplishment during and after each exercise session were also experienced, as in previous 263 studies. 14, 21 Other participants placed great value on the opportunity for social interaction that 264 Conversely, the lack of weekly structure when supervision was withdrawn was identified as an 276 important barrier to self-directed exercise. Systematic review evidence shows that level of 277 contact with healthcare professionals, in addition to the use of behaviour change techniques (e.g. 278 goal-setting, self-monitoring) and engaging social support networks are important elements for 279 the maintenance of exercise behaviour change. 27 In this respect, the effectiveness (and cost-280 effectiveness) of novel approaches to maintaining contact with a knowledgeable heath 281 professional (e.g. provision of frequent face-to-face motivational booster sessions; use of mobile 282 and/or internet-based technologies to maintain contact, etc.) is an avenue for further research. 
Study limitations 288
An important limitation of this study is that participants were recruited from a single centre 289 serving a large catchment living within a few miles of the treating hospital. Hence, views 290 regarding the importance of attending supervised exercise sessions may not be representative of 291
PwMS from rural catchments living further away from appropriate MS-specific exercise classes. 292
It is also possible that participants recruited for this study were generally more motivated to 293 engage in exercise than PwMS from the broader population, as they had all volunteered for the 294 intervention study. Additionally, only participants with mild to moderate MS were involved in 295 this qualitative investigation, and further research is needed to understand the challenges and 296 benefits of exercise participation in PwMS who have higher levels of disability. 297
298
CONCLUSIONS 299
Our participants experienced a transition to inactivity following their MS diagnosis, 300 compounded by a lack of MS-specific exercise advice across clinical and community settings. 301
The individually-tailored support they received from knowledgeable exercise and physical 302 therapy instructors during participation in the program was highly valued. However, the 303 challenge of self-directed exercise and importance of continued motivational support for long-304 term maintenance was clearly evident in the views of our participants. Further research aimed at 305 developing cost-effective strategies for establishing this provision is warranted. 
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